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Comparison of Fresh and Room-Aged Cigarette Sidestream 
Smoke in a Subchronic InhaJaiian Study on Rats. Haussmann. 
H.-J'.. .Anskeit. E., Becker, D.. Kulil. P., Stinn, W., Teredesai, .A.. 
VoncMn, P.. and Walk, R.-.A. (1998). roxjcot Set 41,100-116. 

Two e.\perimentai types of rigarecte sidestream smoke (SS) were 
compared in a subchmoic inhaiadon snidy on rats. Fresh SS (FSS) 
was generated connnuously firam the reference cigarette 2R1. Room- 
aged SS (RASS) was generated by aging FSS for 1.5 h in a room with 
noninert surfaces with materials typically found in residences or 
offices, Male Sprague-Dawley tats were head-only exposed to three 
dose levels of each SS type and to liltercd, conditioned hesh air 
(sham-exposure) for 6 h/day, 7 days/week, for 90 days. Room-aging 
resulted in decreased concentradons of various SS components, e.g.. 
total particulate matter (TPM) and nicodne, while other components, 
such as carbon monoxide (CO), were not affected The CO concen¬ 
trations were 6, 13, and 33 ppm for both SS types. TPM concentra¬ 
tions were between 0.6 and 8.7 p.g/liter and thus up to 100-fold above 
the maximum of average concentradons of respiratory suspended 
partfeies reponed for environmental tobacco smoke. Slight reserve 
cell hyperplasia in the anterior pan of the nose as well as hyperplastic 
and metaplasnc epithelial changes In the laryiLX were the only ob¬ 
served dose-dependent findings. "Die metabolism of benzofn)- 
pyrene—as a proxy for polycyclic aromatic hydrocarbon metabo¬ 
lism—was induced in the nasal respiratory epithelium and in the 
lungs while no effect was seen in the nasal olfactory epithelium. The 
lowest-observed effect level was 6 ppm CO or 0.6 fig TPM/liter. Most 
of the effects seen were Jess expressed in RASS- than in FSS-e.xposed 
rats when compared on the basis of the CO concentradons. When 
compared on the basis of TPM, these effects were equally pronounced 
for both SS types, suggesting a major role of particulate matter- 
assodated compounds. All findings revetted to sham control levels 
fiiHowing a 42-day postinhalarion period. » isse sxietr oi' toxkoioo'. 


Exposure to environmental tobacco smoke (ETS) has been 
reported to be associated with adverse health effects (e.g.. US 
Environmental Protection .Agency, 1992). Experimental lo.xi- 
coloey can provide data on this association as discussed in a 
recent symposium over/iew by Witschi er al. (1995a), e.g., on 
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possible effect thresholds via the detenninstion of dose- 
response rcladonships. However, one of the most critical issues 
in investigadng potendally toxic effects of environmental ma¬ 
terials is the selection of an appropriate experimental surrogate 
for the test material. 

ETS is a comfausdon product composed of sidestream smoke 
(SS) as well as e.xhaled mainstream smoke (MS) (First. 1985; 
Lbftoth er <3f„ 1989; Benner er uh. 1989; Eatough et a/,. 1989, 
1990; Baker and Proctor, 1990; Guerin et at, 1992). ETS is 
highly diluted with room air and undergoes chemical and 
physical changes in composition as a function of aging, e.g.. by 
contact With various surfaces over time tEatough etai, 1990). 
Exhaled MS can contribute from 15 to 4-3% of the particulate 
matter in ETS, but only small amounts of the gas-phase con- 
stimenis i Baker and Proctor. 1990). 

Real environmental acmosphercs are not reproducibly available 
as required for a iaboratoty experime.nt. most notably for a pro¬ 
longed inhaiadon study, (n previous rodent inhalation snidies to 
assess the biological acciviw of ETS. diluted SS was used as a 
surrogate le.g.. von .Meyennck e: at. 1989; Coggins et at. 1993a; 
Joad et at. 1593; Teredesai and Priihs. 1994; Witschi et al., 
1995b). It was used fresh or moderately aged by contact with 
relatively inert sunaces in whole-body exposure chambets made 
of stainless steel and glass and for short durarion (^5 min; Ayres 
et at. 1994; Teague er at. 1994), due to the high number of 
air-changes per hour in these exposure systems. These aging 
conditions are less representative of human residences or office 
environments, where there are materials with large surface areas 
and adsorption potendal, such as curtains or carpets. In addition, 
mean air changes of approximately 0.5 per hour are characteristic 
(Seppiinen, 1995) for residences, which would correspond to a 
mean ETS age of 2 h. 

In order to address the relevance of SS aging tit experimental 
studies, the cbjective of the present study was to compare 
respiratory tract responses in the rat :o fresh SS (FSS) and 
room-aged SS (R.ASS). RASS was generated by aging FSS cor 
1.5 h (mean age) under experimental conditions which are 
more realistic for the human environment than those previously 
used, or whic.h even exaggerate realistic conditions for the 
purpose of the experiment. To enable a direct conaparison. 
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dosing ot FSS and R.ASS was based on carbon monoxide (CO), 
aa SS component which has not been found to change during 
aging (Eacoughera/.. 1990; Voncken ad., 1994). [n addition, 
in experimental studies, the CO concentration is proportional 
to and thus representaave of the number of cigarettes smoked, 
a measure frequently applied to determine human ETS c-xpo- 
sure in experimental studies (Muramatsu er a/.. 1983; Scherer 
et ai, 1990) and epidemiological smdies (pacfc-yeais: e.g., 
Fontham etai, 1994). Rats were head-only exoosed 6 h/dav, 7 
days/week for 90 days. The concentration levels used in the 
present study are comparable to those used in previous SS 
inhalation studies (“'extreme" to “exaggerated”; Coggins ei 
al.. 1993a) to determine lowest- or no-observed effect levels. 
The major end points in this study were respiratory tract 
hisiopathoiogy and the ben 2 o(«)pytBne (B(a)P) metabolism in 
nasal epithelia and the lungs. 

MATERIALS .4ND METHODS 

Exptrimentai daign. Rais were head-only exposed to FSS and to R.ASS 
as weil as to fliteied. conditioned fresh air tsham-exposed eroupj 6 h per day, 
7 days per week, tor 90 days. FSS and R.ASS were administered at three dose 
levels. The CO concentnnons for the respective levels were equal for hath SS 
types and were up to 29 ppm. The TPM concentrations were up to 9 ttgrtiter. 
There was a a2-day postinhalation period for rats of the control and nigh 
concentration groups to investigate the detiycd accurre.nce, persistence, indfor 
revenibility of tindings. The histopathology of the respiratory tract and the 
SlalP metabolism—as a proxy for polycyciic aromatic hydrocarbon .■netafao- 
lism—in nose and lungs were die major end points studied. The main dose 
parameter to compare the biological activity of FSS and R.ASS was the CO 
concentration. Tie results are also discussed oa the basis of the respective 
TPM concentrations. 

The study was peiformed in confontiity with Good Laboratory Practice 
fOECD. 198!a; 'jerman Law on Qieroicals. 1990) and the .lymencan .Associ¬ 
ation for Laboratory Animal Science t.A.ALASi Policy on the Humane Care 
and Use of Laboratory .Animals tl991). 

E^triintnial Mtimaii. Mate outbred Sprague-Dawley rats {C.'itCDBR). 
bred under spectned pathogen-free condidons. were obtained from Charles 
River (Raleigh, NCI. This strain was chosen because of the large amount of 
published data available, in particular because of its frequent use in cigarette 
smoke inhaJarior studies fe.g.. Joad er al.. 1993: Coegins at al. I993a,b: 
Teredesai and Priihs, 1994). .A previous study did not show differences 
between male and female rats in suscepnbiiity to SS-indaced effects i Coggins 
er al.. 1992). Thus, only one sex was used to allow sufficiently large group 
sizes and group numbers. .Vble rats were preferred based on O’ur greater 
e.sperience with them. 

The respiratory tracts of randomly selected rats were e.xamined hisiopaiho- 
logically on airivai: no unusual findings were observed. Seroiogical icreemng 
performed on arrival, after 90 days of inhalation, and at the end of the 
postinhalation pe.uod did not detect antibodies to rat-rciaied viruses, such os 
lymphocytic choriomeningitis virus, mouse adenovirus, murine poliovirus, 
parainfluenza virus type i. parvoviitis H-1. rat parvovirus, pneumonia virus of 
mice, rat coronavirus/siatodacryoadenitis virus, and reovirus type 3. as well as 
to the bacterium \{ycopiastna piilmancs. 

The rals were iJentifled individually using subcutaneous transponae.'s t [MI- 
tODO. Plexx. Elst, .Veiheriandst data acquisition by OAS-4001. L'no. Zevenuar. 
Netherlands). Following u Ifi-diy pree.xposure acclimatization period they 
were randomly allocated to ihe six SS e-xposure groups and the sham exposure 
group (43 rats per group). .At the end of the innaiation oeriod. 20 and iO rats 
per group were used for the histopathologicai e.x-amiiiaiion and the analysis of 


lOl 

the B(a)P metabolism, respectively. .At the end of the postinhalation period. 12 
and 6 rats per sham and high-dose groups were used for the aibrementioned 
riwo end points. The age of the rats ai the siait of the inhalation period was +7 
days. The body weight at that time was 196 g (SO: 13 g). 

The rats were kept in an animal laboratory unit with controlled hygienic 
conditions. The laboratory air (filtered. Srash air) was condiaoneti. Positive 
pressure was maintained inside the laboratory unit. Room icraperaturc and 
relative humidity were raaiaciined at 22“C (SD: I'Q and 69?S (SD: lO^Fl. 
respeciiveiy. The light/daric cycle was 12 h / 12 h. The rats were housed in 
transparent polycarbonate cages, two rats per cage. The bedding material was 
autoclaved softwood granulate (SK-20/50. Braun & Co,. Battenberg. Getina- 
ny). A sterilized, fortified pellet diet (MRH FF, Eggeismann. Rlnieln, Ger¬ 
many) from ct^e lid racks and heat-treated tap water faun water bottles with 
autoclaved sipper nihes were supplied ad libimm in each cage. Food and 
drinking water were not available to the rats during the daily e,Tposure penodi. 
Good hygienic conditions within the animal housing and exposure room were 
mainuined as evidenced, among other criteria, by negative results for the 
bacieaological exaimnarions of the rat diet, dunking water, and the liboratOG' 
air and reiected suifaces. 

GitneratiPn of FSS and SaSS. Tie University of .Kentucky reference 
cigaiene 2Ri was used to generate die test atmospheres ;MS yields per 
cigarette: -l-i.6 mg TPM. 2.45 mg nicoiice, and 23.1 mg CO; Tobacco and 
Health Research tnstiniie. 1990). They were conditioned and smoked in basic 
aceottUmce with the Iwemational Oriiaizanon for Standardization ttSO) 
standards 3402 (1973) and 3303 (1986). respectively, as ge.ierally applied to 
MS generacion. The d garettes were conditioned at 22°C. 6055 relative humid¬ 
ity. for at least 3 days. Two aucomauc aO-pott smoking machines were used fur 
smoke generation (Reininghaus and Hackenberg. 1977). Mean puff volumes of 
35 ml were generated taking 1 puiffmin with i 2-s puff duration using a 
four-piston pump (Baneile. Geneva. Switzerland) resulting in appro-ximaiely 
12 puffs/cigareite at a mean butt length of 23 mm. The MS was e.xh3usted. SS 
was collected using a circular hood made of glass and stainless steel on top of 
the smoking machines. The flireeFSS concentrations were obtainedTiy dilution 
with filtered, conditioned fresh air. The maximum age of the FSS was approx¬ 
imately 10 s. Using a second smoking machine. RASS wns generated by 
continuously pnssmg diluted FSS at a rate of 20 ra^/h through i 3Q-m' 
experimental aging room with uon-inen surt'aces. cesuiung In R.ASS of a mean 
age of t.3 h. In ihe aging room were matenais usually found in residences 
and/or offices, such is wailpaper painted with a latex-based white paint 1 29 
m"). window giass (2 mm. and a .vooi carpet (11 m"). For experimental 
purposes, the surface areas of some of ihe materials were exaggerated relativ e 
to the size of the room. i.e,. a 26-m- wool curtain and a bookshelf with a 
sutr'ace area of 7 m" untreated pine wood wiih appro-ximaiely 50 books or 
magazines with a surface area of 3 m*. The matenais in the aging room were 
unexposed at the sun of die inhalation and not replaced throughout the 90 
days. A ceiling fan was operated to laciliute imifocm distribution of the R.AS5. 
The room was iiluminatedby fluorescent "daylight'' lamps (Lamilux LiSWV 
11. Osram. Munich, Gertnany). Two painted heat exchangers (approximately 
60 m- sun'acB area) were used to keep the room temperature constant (mean; 
22.5’C, SD: l.9“C), FSS and RASS were conveyed via glass tubing to the 
exposure cSiambers. RASS jeneraiion was started approximately 3 h before the 
Stan of the daily exposure to achieve a steady-state test innosphere for 
inhalation. Dunng ovemig.at. nonsmoking periods, the room was flushed ’.vtlh 
filrered. conditioned fresh air at 20 ni'’-’h. 

.inalytieat characterizarton of FSS and RASS. At designated time Inter¬ 
vals. specified analytes were determined to characterize the test atmospheres, 
to evaluate the reproducibility of the test atmosphere generaiion. and to 
e.xclude cioss-contamijiaitun m the sham-exposed group. Samples were col¬ 
lected directly at the exposure chambe.-s. CO was continuously monitored 
using nondispersive intxarsd photometry lUliramat 5E. Siemens. Brussels. 
Belgium) of the gas phase of the test aimosphcres. TPM was gravimetricaily 
I .A200S. Sanonus. Cdiimzen. Germuny) determined at least once per day after 
dapping pamculuie matter on a Cambridge type glass fiber fiiter (Gelman. .Ann 
-Arbor. MI). The other anaiyies were deiermined at least at weekly intervals. 
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Chemical Chafacterizanon of Test Atmospheres; Sham-Exposed Control and High-Cooccntradon FSS and RASS Groups 


Parameter 

.V 

Sham 

FSS 

RASS 

TPM (jag/Iiteri 

91 

0 

3.7 a: 0.7 

2.6 = 0.3 

Carbon monoxide (ppm) 

39 

<1,5 

27.3 = 

23.7 = 1.7 

Carbon dioxide fpptm 

7-13 

302 = 75 

452 = 63 

502 = 45 

Nicotine i p.gtiitet) 

51 

<0.05 

2Gl = -0.43 

0.52 = 0.10 

Nitric oxide (ppm) 

12 

0.01 

0.63=0.09 

0.69 =0.14 

Nitrogen oxides (ppmi 

12 

0.02 = 0.02 

0.63=0.03 

0.S9 = 0.13 

Formaldehyde (ppm) 

12-13 

<0.02 

0.54 r 0.05 

0.16 = 0.0! 

Acetaldehyde (ppm) 

12-13 

<0.04 

0.63 = 0.06 

0,74 = 0.05 

Acrolein (ppm) 

11-13 

<0.02 

0.10 =0.01 

0.10 =0.01 

Ammonia fjaz/liter) 

12 

— 

3.71 =0.65 

1.39 = 0.37 


iVow. In the sham-exposed control aoup. the raw data showed a median TPM concentration of 0,29 ;i 2 /litef (25 ind Ti'V ^^uanties: 0,19 and 0.43 figyliter) 
which was subtracted tram (he raw TPM .-neans for all groups. The nitric oxide concentration in the 5ham-e.spo5ed group is given as the median t25 and T3i« 
quartiles; 0.00 and 0.02 ppmi. 


Carbon iio.xide was analyzed using nondispersive infrared photometry fUItra- 
mat 5E) of the gas phases. For nicotine determinations, samples were drawn on 
sulfuric acid-impregnated diatomite tubes (Extrelut. .VIeralc. Darmstadt. Ger¬ 
many). Extraction wax performed with n-butyiacetate containing (vfv) 
iriethyiamine. Nicotine was analyzed by capillary gas chroraatograpny 
(HP5S90. Hewlett Packard. Waldbronn. Germany) with a 08-5 column 
(15m 0.25 mm, 3 and W. Carlo Erba, Hofheim. Germany) using a nitrogen- 

phosphorus detector. Nitrogen oxides were deicrmined by chemoluminescence 
in the gas phase of Ihe test atmospheres after catalytic reduction and reaction 
with ozone iNO/NO^-analyzerCLD 700AL, Tecan. Hombrechiikon. Switzer¬ 
land). Ttie aldehydes were determined by reverse-phase HPLC tHypersii ODS. 
5 /am. 250 X 4 mm. Hewlett Pickard) and UV detection (HP105Q Muliiple 
Wavelength Detector, Hewlett Packard) at the 2.4-dinitropheaylhydrazine 
(DNPH) derivatives after trapping in acid DNPH/acetonitnle solution. Ammo¬ 
nia was determined by liquid chromatography (Lichrosorb RP-13. iO p.ni. 
250 X -.5 mm. .Merck) and Huorescence detection 1 650-1 OS. Perkin Elmer. 
Cberiingen. Germany) of iuorescamine derivatives after trapping on 'lulfuric 
acid-impregnated diatomite. For the determination of the panicle .size distri¬ 
bution. we particles were precipitated on a tiller »tnp in a spinning .spiral Juct 
(Stdber and Rithsban. 1969) followed by a tluoromeinc determination of the 
paniculate matter eluted from sequentially cut niter pieces. The purtide size 
distnbutioii was cnilculated using linear regression analysis after probit trans¬ 
formation iFinney. 1971). 

The temperature in the exposure chambers was monitored continuously 
using a cigiial thermometer iTastoiherm 0700, IMP.aC Elektronic. Frankfurt. 
Germany). The relative humidity was deteimined psychiomeincally [Therm 
2246. Ahlboni. Niirafcerg, Germany) in the atmosphere of the sham-exposed 
group, which also served is a proxy for the liltered. conditioned fresh air used 
to generate and dilute the SS. 

Animal ixposurt system. The rats were head-only exposed to the test 
atmospheres for 6 hfday, 7 days/week for 90 days. The head-oniy exposure 
mode WPS used to ensure reproducible inhaJarion of the test atmospheres and 
to minimize uptake by noninhalation routes, e.g.. by dermal absorption or 
ingestion following preening of the fur iMaudetiy <r ai.. 1989). The e.xposure 
chambers consisting of glass, stainless steei. and brass ilNBlFO, octagonic 
cross-seciion. 303 cm"; height. 72 cm) were equipped with custom-made glass 
tubes for inimal exposure thai were conical at the front end to lir the rat skull 
and seale-i with robber stoppers at the rear end. The rats were restrained in the 
front par. of the tube with dieir heads protruding into the stream of the test 
atmosphere, which pus.sed through the exposure chamber at a rate bf approx¬ 
imately I'JO ILiersfraiiicorrespondin'’ to apptoxiinateiy 2 liters/fmin x rati.The 
mbes Kited stighliy caudally in order to minimize contact )f tne rat with its 
urine. The glass tube .size was varied according to the body weight of the rats. 


The position of the rats in the i.xposure chambers '.vas systematically changed 
on a daily basis. 

Sham-exposed rats '.vere exposed ;o niieres. cpnditioned fresh air under the 
same conditions as the test aiinosphere-exposed rats. 

During the postinhalanon peritid. IS rats oi the high dose and the sham- 
exposed groups we-e kept in polycaibonaie cages. 2 per cage. Diet and 
drinking water were available to the rats ad Ubiium. 

Ill-lift observations. The rats were observed far mortality, signs of overt 
to,xicity. or injuries .vhen they were transferrea .'ixim dieir cages to :he 
exposure chitiibe.T and when being transferred hack to their cages. More 
detailed checks on general coiiUidon and behavior of the tuts were pertormed 
on three- rats per group and day shortly after the end of the dally e.xposare. 

Body weight deteminanats. The bouy 'weight of individual rats was 
determined one day after arrival of (he rats, at the start of the inhalation period, 
and once per week dunng the inhalation and postiishaiaiion penods. 

Biomoaicariai. '.a order to provide an estimate of the ainouiit of lest 
atmosphere laken up ay the rats, "espiraioty frequencies and volumes ive.-e 
determined on at ieasi six rats per group dunng exposure by whole-body 
plethysmography in the exposure tubcstCjggins etal., 1931).Tbe differtnilai 
pres.sure signals iVaiidyne .MP45. HSE. .March-Kugstetten. Germany) '.vere 
digitized and analyzed using the Raivem program developed by S, .A. Buch. 
Stowmarket, Suffolk. United Kingaom. 

To monitor exposure to the test atmospneres. steady-state proportions of 
blood carbo.ty-hemoglobin iHbCOi were 'ictc.-intncd once in three rats cer 
group according to Klimisch er nf, i 19741, alood samples were taken after at 
least 5 h of exposure from rats .viihdrawo for a short period of time from the 
exposure tubes by puncturing the retro-orbiiai sinus svith glass mieropipedes. 

To provide a rough estimate of the amount of nicotine taken up by the rats, 
urine was collecied from nve rats per group dunng the 6-h exposure period 
using specially moditted exposure tubes and during the following iS h using 
custom-made metafauilsni cages. TI-.c cwo .tampies per rat were combined to 
determine nicotine, catinine. ami trans-j'-'hydroxycotinine by gas chromatog¬ 
raphy (Voncken et ;it.. 1939). 

Stcrapsy and grass pathology. The .rats were not tasted before necropsy. 
On the day followtn'g the last exposure. 20 rats per group were anesthetized by 
imrapenioticai injection of sodium pemobaroitat r30 mgfkg body wj and 
subsequently saenftcedby e.xsang’uination by transsecttiig theabdominih aorta. 
The carcasses were weighed and subjected to a complete gross examinatiort 
under supervision of u veterinary pathologist 'with special attention paid to the 
respiratory tract. Tie 'ame procedure was followed for 12 rats per group of ihe 
high-tlose and sham-exposed groups at the end of the poscinhalation period. 


Source: https://www.industrydocuments.ucsf.edu/docs/hfpk0000 
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no. 1. Body weight development Junng the inhalation (all groups, 48 rati'group) and postinhaiauon penods :5ham-e.tpo,ied and hiah-dose groups. 18 
rats/group), (A) Sham-exposed conuol and FSS groups; iB) sham-exposed control and RASS groups- Reiative standard deviations rbr the individual groups were 
< 14S6 for each time poinL 


Organ ivergArr. Absolute weights or' lungs with lar/nx and trachea, liver, 
adrenal giands. testes, and kidneys were determined. The organ weights 
miative to body weight were calculated using the weights of the exsanguinated 
carcasses. The time between exsanguination and organ weight determinanon 
was kept to a minimum and did not e.xceed 13 min. 

Hittopatholo^. Lungs were excised with lar/nx and trachea and li.xed by 
intraimcheal instillation with EAFS f40R; ethanol. acetic acid. 10'^ form¬ 
aldehyde. 45% isotonic saline, v/v. Harrison. (9S4; at 20 cm water pressure to 
achieve physiological distention of the iung. The skin. eyes, lower ;av'. and 


bmin were removed from the .nead and die nose was gently liusned with 10% 
neuirai buffered fomtaldehyce solution vm the nasopharyngeal duct. The head 
was fixed in 10% .neutrai iiutfered formaldehyde iclution for i day and. 
subsequently, in 4% solution for 3 to J days, 

Prior TO tnmming. me head was decalcified with 3% nitric acid in an 
ultrasonic bath. Th-e nose was trimmed sad iransverse sections were cut 
according to Young (19811 :o ootam two tissue slices at the following levels; 
'!) immediately posteror :o :he upper .ncisor ;eeth. 1 2) at the incisive papilla. 
The laryngeal transvetse secoons wete cut at the base ot the epiglottis and at 


Source: https://www.industrydocuments.ucsf.edu/docs/hfpkOOOO 
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IMlCCfTNE CCNCSMTRATCN iN SEESTREAM SWCi<E (aQ/O 

FTG. 1* Amounts ot* fiicoiine and its mam meiabolices recovered from 
urine samples col lectin? during the S-h exposure period and the IS K between 
exposures is a fuiiction of the SS nicotine conesnoattons tmeins a: S£^. 


the arytenoid projections according :o Lewis (1931). The trachea was trimmed 
and ionsitudinaliy cut at the tracheal bifurcaiion. A fironui section of the left 
lung including the leu main bronchus and its major branches was cut according 
10 Lamb and Reid (1969). The tissues were processed, emoedded in Panpiast. 
cut at i CO 6 /um thickness, and sumed with hematoxylrn and eosm tHE). In 
addition, (he sections of the tmchei and lung were scained with Aician 
bluc/pericdic acid Schiff i reagent to demonstnite goblet cells. 

All Slides were read by a veterinary pathologist with experience in cigarette 
smoke-related changes in the tespimtory tract of rodents without knowledge of 
the treatment groups. All hisiopathologtcai findings were scored according to 
3 detined severity scale from 0 to i (marked effects). Mean severity scores 
were calculated based on oil rats in a group. 

Morphomeoical analysis of Lto'nr. The thickness of the laryngeai epi¬ 
thelium was determined without knowledge of the treaimest groups on a 
standardized HE-stalned section at the iryienoid projections, which mcluded 
the ventral depression, ficor of the larynx, and vocal cords. At each of these 
sites, the epithelial thickness was meosuted at 10 spectned locations directly on 
the microscopic image using a Leica NUcrovid system tBensheim. Cermanyj. 

Annhsis of ths B(a)P metabolism. The microsomal Bfc)P metabolism 
was assessed by fiuocescence detection of 5 BfajP tneiabolites after reverse- 
phase HPLC separation. The activity was nonnalized usmg [he microsomal 
proteta content Reference materials for the metabolites f3-hydroxy-. 

9-hydrocy. d.3*diol-, 7.3-diQl-, and 9.lO-dtol-BfaJP) were obtained from the 
U.S. National Cancer Institute fChcmical Carcinogen Repository Midwest 
Researen Institute. Kansas City, MO). 

Rats were euthanized os described above. The right lung and the nasal 
respiraiDty and olfactory epidiclia fNRE. NOE) were removed and stored at 
-"0*C. Lung and nasal microsomes were isolated by differeniiai ulcracentri- 
fugarior according to Grover e: ai. 11974} with minor modifications. 

.Microsomal suspensions ilungs. 100 to dOO protein: NRE. 100 to 200 


fit protein: NOE, approi. ISO p.g proteini were incubated for 60 min at 
37*0 in Tris/HQ buffer (50 raM, pH 7.6) in the presence of B(a)P (SO /iM), 
NAD?” (370 /iM). jlucose-d-phosphatc (3,5 mM), jiucoje-6-phosphale 
dehydiojenise (I unibmi). MgCl. (5 mM). and EDTA (340 ptM) (three 
replicates per rar and tissue). The incubation -was stopped by adding 
methanol contaiuinj beitztaianthtacene as an internai standard. After cen¬ 
trifugation. the supeniaiint was directly injected into the HPLC. Mono and 
dihydro,xy B(a)P meiaboiiies were separated using i Hewlett Packard 
HPLC 1090 with a NucleosiJ 100-5 C-18 precolumn (5 tun. 4 cm x 4 mm, 
Kaauer KG. Oberursel. Germany) linked to a Novapafc RP-IS column (5 
fim, 15 cm X 3.9 mm. Millipore/'Waters. Esc.hbom, Germany). The sol¬ 
vents for step gradient eiution were solvent (10 mM KH-PO., pH 4.3) 
and solvent B (acetonitril). Peak detection and quantitation were perfonned 
using a Hewlett Packard 1046 .A fluorescence detector equipped with a 5->iI 
flow ceil. E.xcitatiort/emission w»vels.igths were as follows (in the order of 
elution from the column): 237/421 nm for 9- and 3-OH-B(a)P; 348/400 nm 
for 4.5- and 7.S-diol-B{o)P: 337/404 nm for 9.10-diol-B(a)P: and 337/431 
nm for benztalaothmcsne and B(<i)P. 

The protem conctnirutions of the microsomal suspensions were deteemined 
according to Lowry Jt al. 119511, as modilied by Peterson (1983), using an 
automated tnicrome^od with bovine senim albumin as a standard. Duplicate 
deiernunations twetc performed. 

Staiisdeal analysis. For ’.he comparisons of the FSS- and RASS-e.xposed 
groups with the sham-e.sposed group, respectively, the following siaiisiiccl 
tests were performed; for the overall comparison, the one-way analysis of 
variance for continuous data and die generalized Ccchrun-Mantel-Haeaszel 
test (Koch and Edwards. 1933) for ordinal data were used with the CO 
CGitcentration as the itraiifying variable. If the overall comparison showed a 
significant difference, then for a painvise comparison the Duncan lest (Duncan. 
1955) was applied for conttnuous data and the generalized Cochran-Mamei- 
Haenszel test for ordinal data. For the comparison of FSS- with RASS-e.’cposed 
groups, the two-way analysis of variance for continuous data and the Cochran- 
.Vlaniei-Haenszel test (or ordinal data were used. 

All tests were conducted at me noroinai level of significanc: of a “ 0.05 
(two-tailed). Due to the large number of panHneicts anaiyied. no cotrection for 
multiple testing was aoplied, which would have made the tests very insensitive. 
Statistical significances, therefore, have to be considered as e.xpiotative rndi- 
cacots rather than connrmatory evidence. No correction for multiple testing 
'WHS applied. 

RESULTS 

Test Atmospheres 

The test atmospheres were generated reproduciblv through¬ 
out the 90-day inhalation period. .As targeted, the CO concen¬ 
trations of FSS and R-ASS were equal for each of the three dose 
levels. The CO concentrations (mean a: SD) for the low-, 
medium*, and high-dose levels of FSS 'were 5.5 r 0.4, 12.6 33 
0.6, and 27.3 d: 1.2 ppm, respectively. The respective values 
for RASS were 5.5 m 0.4. 12.2 r 0.6, and 2S,7 m 1.7 ppm. 
The TPM concentrations for the low-, medium*, and hiafa-dose 
levels of FSS were 1.5 ~ 0.6, 3.6 = 1.2, and 3.7 r 0,7 )4g/liter, 
respectively. The respective values for R.ASS were 0.6 i 0.3, 
1.2 3: 0.7, and 2.6 r 0,3 jugfliter. The time course of the daily 
mean TPM concentrations in the high-dose groups was re¬ 
potted separately (Voncken ei ctl-, 1994). The analytical char¬ 
acterization of the high-dose test atmospheres as well as that of 
the sham-exposed group is presented in Table I. The individual 
smoke components in the medium- and low^dose FSS and 
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TABLE 2 


Histopathoiogical Findings after 90 Days of IniiaJation 





FSS 



RASS 


Parameter 

Sham 

Low 

Medium 

High 

Low 

Medium 

High 

Masai cavity, level 1 

Eleserve cell hyperplasia of 

0 

0 

0 

0.6 = 0.2- 

0 

0 

o.i = ai 

respiratotv epithcliuniT 

0/20 

0/20 

0/20 

3/20 

(V20 

C/20 

1/19 

Larynx 

Base of epigionis 

Squamous meraptasia of 

0 

02 z0.1 

0.6 = O.l'* 

1.0 =: 0.2“ 

0 

0.2 = 0.1- 

0.7 =0.1“ 

pseufiostiacified epithefiumr 

0/17 

3/19 

10/18 

li/19 

0/19 

4/19 

12/20 

Hyperplasia of squamous 

0 

02 i: 0.1 

0.8 = 0.2* 

1.4 = 0.3“ 

0.1 = 0.1 

02 = 0.1 

0.7 = 0.2“ 

epitheliumf 

0/17 

3/19 

11/18 

14/19 

2/19 

3/19 

12/20 

Arytenoid prajeccions 

Ventraf depression 

Hyperplasia of 

0 

0.3 r 0.1 

02 = 0.1 

O.l =0.1 

0 

O.l = 0.1 

0.4 = 0.2“ 

cuboidal epithelium 

0/lS 

3/16 

2/13 

1/20 

0/13 

1'16 

-417 

Squamous metaplasia of 

0 

0 

0 

O.l =0.1 

0 

0.1 =0.! 

0 

cuboidal epiihelium 

0/13 

0/16 

0/18 

1/20 

0/13 

1/16 

0/17 

Vocal cords, lower medial region 

Hyperplasia of 

O.l = 0.1 

0.3 = 02 

0.7 = 0.2* 

0.9 = 0,2- 

0.3 =0.1 

0.9 = 0.2* 

1.0 = 0.2“ 

squamous epithelium 

2/IS 

3/16 

9/lS 

11/20 

4/iS 

9/16 

10/17 

Trachea 

Goblet c:ll hyperplasia of 

0.1 i O.l 

02 r 0.2 

0.2 = 0.1 

0 

O.S =0.1 

0.2 = 0.2 

0.1 =0,1 

respiratory epitheimrn 

1/17 

2/14 

3/17 

0/IS - 

1/19 

3/IS 

1/20 

Lungs 

Goblet cell hyperplasia cf 

O.j rr 0.1 

02 r O.l 

0.1 *0.1 

0.7 = 0.2 

0.3 = 0,2 

0.2 =0.1 

0.3 = 02 

respiratory epithelium 

4/20 

3/20 

2/20 

9/20 

2/20 

3<2D 

6na 


Sou. Hisiopatholojicai tindinjs are given as mean score a: SE and incidence. 
* [nslicaies smtistically significant differenca to sham-e.sposea conttoi group, 
t IndicaB! statistically significant differences between die two SS types. 


RASS groups were found lo be diluted at relatively constant 
proportions from the high- to the medium- (2,2 r 0.3') and 
from the high- to the low- (4.6 = 0.9) dose levels, respec¬ 
tively. The TPM concentrations for RASS decreased by 60 
to 70% compared to FSS. The aging-reiatcd decreases found 
for nicotine, formaldehyde, and ammonia were numerically 
similar to that found for TPM, but may nor necessarily result 
from the same mechanism since, e.g., nicotine was found 
only in the gas phase and was not associated with particulate 
matter. On average, the mass median aerodynamic diameter 
was slightly higher following room-aging (changed from 
0,36 to 0.'i3 jam) with no effect on the geometric standard 
deviation i l.S to 2.0) of the particle size distribution. No 
oxidation of nitric o.xide occurred during the aging process. 
.Acetaldehyde and acrolein were not affected by SS room¬ 
aging. 

The relative humidity in the sham-e.xposed group was 34 ~ 
4% (mean ~ SD); this is considered to be representative for the 
other exposure groups and complies with the exposure condi¬ 
tions specified by the OECD (I93lb). The temperature within 
the exposure chambers was 26 r TC for all groups and thus 
also met OECD (1981b) specifications. 


In-Life Obsenaiions 

There was no smoke-associated mortality, nor were there 
effects on general ccndition and behavior of the rats. 

Body Weight Development 

The body weights of the rats increased during the inhalation 
and postinhalation periods (Fig. 1), The mean body weight of 
the high-dose FSS exposure group was statistically signifi¬ 
cantly lower than that of the sham-e,xposed group between 
inhalation days 59 and 73. .At the end of the inhalation period, 
a numerical body weight gain reduction of 4% for this expo¬ 
sure group compaired to the sham-e.xposed group was caicu- 
lated (no statistically signiScant difference). Mo body weight 
effect was seen following ElASS inhalation. During the postin¬ 
halation period, the body weights of the rats in all groups 
increased to the same level, indicating a reversal of the reduc¬ 
tion in body weight gain associated with the tube restraint 
during the inhalation period. 

Biomonitoring 

No relevant effecs on the respiratory minute volume of the 
rats were observed (data not shownj. The steady-state blood 


Source: https://www.industrydocuments.ucsf.edu/docs/hfpk0000 


2063656254 







106 


HAOSSMAiVN ET AL. 



' ' ' < i i A i i, 1 a .r 

0 ;0 20 20 0 - - ^ 3 3 .c 

CO CCNC&'STflATCN .'ppm( CCMCS-rTSArtCN ifJ^fd 


FIG. 3. KismpaUiologicai nndtnjs m the iaiyn.'t. Effects are shown based on both Jose parameters, i.e.. CO and TPM aonce.ntmtions. in FSS and R.ASS. 
.(A. B) Hyperplasia of the squamous epnheiium at the base of epiglottis. Effects based on the CO eonceatmiqns as dose saiamctert i B) cft'eca based on the 

TP.M concentrations as Jose parameter. Results are given as incan scores ~ SE. 


HbCO proportions (1,2, and dfe above sham control values 
IQ.269&) tor the low-, medium-, and high-dose levels, respec¬ 
tively) were in agreement with those e.vpected from the CO 
concentrations in both SS types. 

The amounts of nicotine, cotinine. and trars-3'-hydroxyco- 
tinine found in the urine sampies collected dunng and for 18 h 
after exposure showed an almost linear increase with increas¬ 
ing concentrations of nicotine in FSS and RASS (Fig. 2). The 
absolute amounts found in the unne samples did not account 
for the total uptake of nicotine, sines only nicotine and two of 
its metabolites were determined. Tnere is no difference in the 
relative proportion of nicotine and the two metabolites between 
the two SS types. 

HbCO and nicotine metabolite data in the sham-exposed 
group confirmed none.xposure to SS. 

Gross Pathology 

There were no SS-reiated gross pathological findings. Slight 
yellow-brown discoloration of the fur was observed which 
was roughly dose-dependent; the cause of this discoloration is 
unclear. 


Organ Weights 

The absolute weights of the lungs with laryn.x and trachea, 
kidneys, and liver were statiscicaily significantly lower (mxx- 
imum effect; 1 l^s) in the high-dose FSS-exposed group com¬ 
pared to the sham-exposed group. N'o etTects in organ weights 
were seen in the R.\SS-exposed rats. For organ weights rela¬ 
tive to body weight, no differences between FSS- or RASS- 
exposed and sham-exposed groups were seen. Ac the end of the 
postinhalatton period, the organ weights of the FSS-e.xposed 
rats returned to those of the sham-exposed rats, 

Histopathology 

.At the end of the 90-day inhalation penod. only slight 
histopathological changes in the upper respiratory tract in the 
FSS- and RASS-exposed groups were consistently observed in 
almost ail rats (Table 2), 

In the nose at the most anterior level (level I), slight patchy 
reserve cell hyperplasia was observed in raa of the high-dose 
groups only, the mean score for this finding being statistically 
significantly higher for FSS compared to RASS. This differ¬ 
ence is related to the relatively high incidence of this finding in 
the high-dose FSS group compared to only one rat in the 
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FIG. 4. Transverse sections at the faiyrx. base of epljlottis. (A) Overvievr (shiun-esposetl rat); jB. Cl shara-escosed rat ihowtng aomiai iquantous 
ipiihelium at the ventromedial site and pseudostratified epithelium at veairolaieral sites: (D. E) high-doje FaS^exposed rat;G) hiijh-Jose RASS^esposed rat. 
both showin; hyperplasia of the sqaamous epithelium I ventromedial site) and squamous metaplasia of die pseudostratinea epithelium ventrolateral sice). 


hiati-dosc RASS group, the severity or this finding being 
similarly iow for both SS types. .At the second nose level, no 
changes were seen. 

The iaryn.x was found to be the most sensitive organ for 
histopathoiogical changes following FSS or RASS e.xpcsure 
(Table 2; Fig. 3). -At the base of the epiglottis, a dose-depen¬ 
dent diffuse squamous metaplasia of the pseudosiratified epi¬ 
thelium and hyperplasia of the squamous epithelium (Fig. 4) 
were round. The mean scores were statistically signiricantly 
higher for the FSS- compared to the R.ASS-e.xposed groups 
based on the CO concentration. .As was the case for nasal 
epithelial hyperplasia, the incidence was higher in the FSS 
groups compared to the RASS groups, while the severity of 
these findmgs showed no remarkable difference. At the ventral 
depression (arytenoid projections), very slight hyperplasia and 
squamous metaplasia were observed in few rats. The statisti¬ 
cally significanc difference between the high-dose R.ASS and 
the sham-exposed group concerning the hyperplasia at this site 
is considered to be incidental since a very similar mean score 
and incidence were obtained for the low-dose FSS group with 
no indicaiion for dose dependency. There was no difference 
between i.he two SS types at the ventral depression. .At the 
lower medial region of the vocal cords, a dose-dependent 
increase in hyperplasia of the squamous epithelium was ob¬ 
served. Tiis finding was also seen in two rats of the sham- 
exposed control and is considered to be incidental. Mo differ¬ 
ence between the two SS types was seen for this effect when 
compared on the basis of CO concentration. This is the only 
morphologic effect for which, on the basis of the TPM con¬ 


centration, R.ASS was slightly mom active than FSS. There 
was no finding in the alveolar regtoii of the lungs. 

At the tracheal bifurcation, minimal gobiet cel! hyperplasia 
was seen in few rats of all exposure groups with no indication 
for a SS-re!ated effect (Table 2), Slight gobiet cell hyperplasia 
was also seen in the bronchia! respiratory epithelium with a 
slightly hig-her incidence in both high-dose groups (no statis¬ 
tical significa.nce>. Xo difference ber.veen the two SS types was 
observed. 

Morphometric determination ;f the laryngeal epitheliai 
thickness at the arytenoid projections showed numerical in¬ 
creases at all sites measured in the SS-exposed groups com¬ 
pared to that of the sham-e.xposed group in i roughly dosc- 
dependent manner (Table 3), although the increases were 
statistically significant in only a few cases. The only statisti¬ 
cally significant difference berwee.n the two SS types was seen 
at the vocai cords, where R.ASS was more active than FSS 
when compared on the basis of the CO concentration. 

.At the end of the 42-day postinhalation period, no relevant 
SS-related histopathoiogical changes were observed. The epi¬ 
thelial changes obser/ed at the end of the inhalation period 
reverted completely. 

B(a)P Metabolism 

in the NRE. the formation of the bay region metabolites, i.e.. 
9-OH-, 7.S-diol-. and 9.10-diol-Bii.')P, was induced in ail SS- 
exposed groups, the highest factor of induction being seen for 
p.lO-diol-BCniP (Table 4). The induction was roughiy dose- 
dependent and statistically significant. 
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Iiv the NOE, the baseline values of the sham-exposed group 
deiemiined after 90 days were 1151 i: "9. 44 i 4. 773 38. 

72 d: 5, and 42 r 3 nmol/(g protein X h) for 3-OH'. 9-OH-, 
4.5-dioI-. 7,S-diol-. and 9,10-dioi'Bfa)P. respectively, and thus 
about two-fold higher than in N'RE. .Vo relevant SS-related 
effects were seen in this tissue. 

In the lungs, the formation of all metabolites e.xcept 4.5- 
diol-B(G)P wasdose-dependentiy induced, the highest factor of 
induction being seen for9,10-diol-Bfii)P fTable 5), The induc¬ 
tion was up to a factor of 3 higher than in the .VRE. For all 
induced metabolites, the induction was higher in the FSS- than 


in the R.4SS-e,xposed groups on the basis of the CO concen¬ 
tration. The induction was similar for both SS types when 
compared on the basis of the TP.VI concentration. 

At the end of the postinhaiation pcnod. no differences be¬ 
tween sham and SS-e,xposed groups wete found, 

DISCUSSION 

The SS concentrations used In the present study ranged from 
6 to 29 ppm CO and from 0.6 to 3.7 ,u.g TPM/iiter. These TPM 
concentrations were up to two orders of magnitude higher than 
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Che mxxinium of average concencrarions of RSP reponed for 
ETS, particuJarty ia residences and offices (Oldaker er oL, 
1990; Guerin et a/., 1992; U.S. Environmentai Protection 
Agency, 1992; Jenkins et aL, 1996'). The lowest concentrations 
used here may overlap with those encountered in extreme 
human exposure situations. The concentration range between 
0.1 and LO ag TPM/Iiter has been used widely by the scientific 
community for subchronic or chronic toxicoiogicaJ testing of 
experimcntaJ ETS sunogatcs in rodents (e,g., von Meyerinck et 
aL, 1989: Coggins et aL, I99ja; load et aL 1993: Teredesai 
and Prtihs. 1994; Witschi et aL, I995b}, and enables the de¬ 
termination of lowest-observed effect levels. In only a few 
cases was this concentration range exceeded, for example in 
the chronic study repotted by Witschi et aL (1997'). in which 
this concentration range was e.xcesded by one order of mag¬ 
nitude. However, this concentration was highly toxic, as evi¬ 
denced by the body weight loss in the e.xposed mice. The 
concentration range between O.l and 10 ii.% TPM/I was used to 
investigate a variety of respiratory tract end points, such as 
mocphologtcal (von Meyerinck etaL, 1989) or biochemical (Ji 
er aL. 1994) changes, gcnoto.xicity (Lee er aL. 1992), or in¬ 
creased DNA synthesis (Rajini and Witschi, 1994), Therefore, 
this concentration range was deemed useful for a comparative 
inhalation rmdy on the effects of room-aging in the rat respi¬ 
ratory tract. 

No information on the effects of SS on the nasal xenobiotics 
metabolism has been reported to date. Therefore, to assess the 
effect of SS inhalation on the xenobiotics metabolism in the 
respiratory tract, the focmation of B(e)P metabolites in the 
nasal olfactory and respiratory epithelia and lungs was also 
investigated in ±e present smdy. 

SS was room-aged under steady-state dynamic conditions. 
The room-aging-related changes in the chemical composition 
of the SS confirmed previous e,xperience about the instability 
of SS due CO the physicochemical and chemical nature of its 
components (e.g., reviews by Baker and Proctor. 1990, and 
Emough et aL. 1990). Details on the contribution of various 
materials to the overall aging effect seen in this study are given 
by Voncken er al. { 1994). 

The decrease in TPM concentrations can be attributed pri¬ 
marily CO particle deposition on all surfaces in the aging room 
as indicated, e.g.. by the yellowish staining of the wallpaper, 
During the aging process, the mass median aerodynamic di¬ 
ameter of the aerosol slightly increased, tile geometric standard 
deviation remaining unchanged. This small shift is not ex¬ 
pected to influence the particle deposition probability in the 
respiratory tract of the rats (Raabe et aL, 1997). Reports about 
aging-related changes in SS particle size distribution have been 
inconsistent describing both ininaj size decrease (Ingebrethsen 
and Sears. 1986) and increase (Benner er tif, 1989) upon aging 
in relatively inert chambers. In contrast ro MS, nicotine in SS 
is a gas-phase component (reviewed by Eatough et aL. 1990). 
it ceadity adsorbs to surfaces and reevaporates upon cleansing 
the ambient atmosphere (Piade etaL, 1996). Formaldehyde and 


ammonia are chemicaily reactive 'compounds. They reacted 
differently with various surface materials in a room (Voncken 
ef aL. 1994). The gas-phase components acetaldehyde and 
acrolein were less reactive than formaldehyde and did not 
change in spite of their aldehyde functional groups. Due to the 
low concentration of nitrogen oxides. NO remained stable 
under the conditions of this study with no oxidation to NO^ 
being detectable. .Also. CO was not aiTecred by aging, and tiius 
proved to be useful as a m'arker in experimental studies on SS 
and Che leading dosing parameter in the present study. In field 
studies, however, CO is not useful as a marker for ETS since 
the majority of the indoor CO stems firom sources other than 
ETS (Eatough et aL. 1990). 

The chemical and physical characteristics of RASS re¬ 
mained constant over the 90-day period of inhalation, resulting 
in stable and reproducible test atmospheres throughout the 
study. Thus, no saturation of reactive surfaces or shifting 
equilibria with built-up deposits were observed. 

The lack of a detectable body weight effect by SS exposure 
in the present study is ia agreement witii the results seen in 
previous snidies at similar SS concentrations (von Meyerinck 
etaL, 1989; Coggins er a/., 1993a; Teredesai and Priihs, 1994), 

The histopathological findings seen in previous SS inhala¬ 
tion studies of similar design were also seen in the present 
study. Slight hyperplasia of the respiratory epithelium was 
observed in the anterior part of the nose with no findings at the 
next posterior level, which includes the olfactory epithelium. 
This is consistent in type, location, severity, and sensitivity 
with the findings described by von Meyennck ei aL (1939), 
Coggins et al. (1993a). and Teredesai and Priihs (1994). The 
metaplasia described by von Meyerinck et al. (1989) was seen 
neither by Coggins et al. (1993a) and Teredesai and Priihs 
( !99a) nor in the present study. .As in the previous studies, no 
statistically significant histopathological findings were seen in 
the lower respiratory tract, although there was an indication in 
the present study of an increased incidence of bronchial goblet 
cells in both high-dose groups. 

The most sensitive site for histopathological changes in the 
present study was the larynx, showing slight hyperplasia and 
metaplasia of a number of epithelia at different locations within 
the larynx, in particular the base of epiglottis. Similar changes 
were seen in a previous subchronic SS inhaiation study per¬ 
formed in the same laboratory (Teredesai and Prtihs, 1994). 
However, no morphological changes in laryngeal epithelia 
were observed in tiie studies by von .Vleyerinck et al. (1989) 
and Coggins et al. (1993a). The few differences in the exper¬ 
imental designs among these studies are not considered to 
account for this discrepancy in larynx findings. Rather, differ¬ 
ences in sectioning levels might affect the optima! detection of 
these changes. The laryngeal hyperplasia a: the arytenoid pro¬ 
jections was confirmed by morphometric analyses of the epi¬ 
thelium at this site, the increase in the epithelial thic.kness 
being up to approximately 30% in the present and previous 
(Teredesai and Priihs. 1994) studies. Squamous metaplasia at 
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table 3 

Laryngeal Epithelial Thickness at Three Sices of the Arytenoid Projections after 90 Days of Inhalation 


Organ/'sice 

Sham 


FSS 



R.ASS 


Low 

Niedium 

High 

Ljw 

Mediuen 

High 

Lirynj 








.A/yrenoid projeefions 








VsniTii depression 

II 

O 

3.3 = 0.J 

3.7 = 0.3 

:o.o = 1,0 

3.4 = 0.3 

3.9 = 0.4 

- 0.3 



6% 

lOtfc 


7a 


SS 

Foot of the larynx 

t0.a r 0.4 

11.2 = 0.4 

11.3 = 0.4 

13.2 = 0.4 

10.7 = 0.4 

13.1 = 1.0 

12,0=0.9 



7% 

7% 

16a* 

la 

isa 

14a 

V.jcal cerdst 

-1 ^ j 2 

22.6 = 1.2 

24.3 = 1.4 

36.1 = 1.3 

34.2= :.i 

37 5 = 1.3 

27.3 = 1.1 



2% 

10‘S 

17a 

9a 

34a* 

34%* 


.Vail. Epiiiieiial thickness Ciitn) is jivea as mean : SE and perceniage increase relative lo the sham-espased catiirol ^ronp. 
* [nuicutes statistic^Iy iisni6cant iitTerencs co 4han:)-expo&<d control group. 

Intlicates statistically signiliconE aifferences between the two S2 types. 


the base of the epiglottis was siiniiarly observed following 
subchronic glycerol inhalation (Renne ec a/., 1992) and has 
been discussed as a conamonly observed adaptive response to 
repeared inhalation of aerosols (Gopinath er al., 1987; Burger 
erciL 1989). 

The lowest-observed effect level for histopathological 
changes was 12 pptn CO, equivalent co 3.6 and 1.2 pig TPM/ 
liter for FSS and RASS, respectively. The no-observed-effect 
levels were 6 ppm CO, equivalent to 1.5 and 0.6 jAg TPM/liter 
for FSS and R.ASS. respectively. 

As discussed before, the relevant basis of comparison be¬ 
tween the two SS types is the number of cigarettes smoked per 
unit of air volume, a dose parameter which is represented in the 
present study by the CO concentration in the test atmospheres. 
On this basis of comparison, the biological activity of RASS is 
appro.timately two- to three-fold lower than that of FSS for the 
histopathological findings in the antenor nose and in the laryn.x 
at the base of the epiglottis. FSS and RASS are equally active 
for changes in the larynx at the arytenoid projections when 
compared on a CO concentration basis. Previous SS inhalation 
smdies with experimental animals have usually been based on 
the TFM concentration as dose parameter. FSS and RASS were 
equally active based on TPM concentrations with one e.xcep- 
tion, i.i., histopathological findings at the arytenoid projections 
which were more pronounced for RASS than for FSS. 

The described differences in the biological activity of FSS 
and R.ASS may also give some clues as co the mechanism and 
the SS components which may be involved in inducing such 
effects: Most of the histopathological changes observed seem 
to correlate with the TPM concentration. In the laryn.x, at the 
base of ihe epiglottis, this may be mterpreted as a consequence 
of panicle impaction on the sites where the inhaled air stream 
bends. Except for the base of the epiglottis, this correlation 
with tl'.e TP.Vt concentration was not expected. For example, 
among the gas-phase components of SS analyzed, the alde¬ 
hydes were described to induce epithelial changes in the nose. 


in particular acrolein as the most active of the three aldehydes 
analyzed at their respective dose levels (Feron e: al., 1973; 
.Appelman et aL 1986; Wouiersen et ai. 1987). Apparently, 
the concentration of the gas-phase aldehydes was not high 
enough to substantially impact the SS-related morphological 
effects at this site. There is only one site where histopathoiog- 
icai findings were not seen to depend on the particle concen¬ 
tration, i.e., at the arytenoid projections, namely the vocal 
cords. No explanation for this is available co date. The data 
may suggest a dependence on the SS gas phase, but a qualita¬ 
tive change of the particulate matter by room-aging cannot be 
e.xcluded either. In order to clarify the role of paniculate and 
gas phase, a subchronic study comparing the separate phases 
would be useful. 

During the postinhalatton period, all histopathological 
changes reverted to the sham control level, confirming their 
adaptive namre icf.. Burger sr aL, 1989). 

The B(a)P metabolism was invescigated in the present 
study by determining the amounts of five individual metab¬ 
olites formed. This is different from the method employed in 
previous SS-related studies in which the “aiyl hydrocarbon 
hydroxylase" activity was determined by analyzing the total 
amounts of BfujP metabolites formed. The pulmonary aryl 
hydrocarbon hydroxylase in rats was induced following 
subchronic inhalation (Gairola. 1987) or intraperitoneal ad¬ 
ministration of SS condensate or condensate fractions (Pas- 
quini ef ai, 1987). No direct measurement of the SS con¬ 
centration used was made by Gairola > 1937), but based on 
the HbCO proportions reported, it can be assumed that it 
was approximately fivefold higher than those in the high- 
dose groups of the present study. To date, no studies have 
been reported chat investigate dose responses for the B(n)P 
metabolism at 3S concentrations that are closer to the real¬ 
istic human environment. In addition, the effect of room¬ 
aging has not been investigated previously. 

In the present study, the formation of four of the five BfoiP 
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metabolites analyzed was dose-dependently induced in the 
lungs, with different maximum induction factors. Only the 
formation of 4,5'diol-B(a)P, the most abundant metabolite, 
was no: inducible by SS inhalation. This difference is most 
probably attribumble to die involvement of different cyto¬ 
chrome P450 isoenzymes in the formation of the five metab¬ 
olites analyzed. For e.-tampie, subchronic inhalation of SS in 
rats at a concentration of 1 ,Lta TPM/liter resulted in an In¬ 
creased expression of the cytochrome P450 isoenzyme 1A t in 
nonciliated bronchiolar epithelial fClara) as well as alveolar 
type II cells (Ji et «/.. 1994), which was accompanied by an 


induction of lAI-associated pulmonary metabolic acdviiies 
{Gebremichael et n/., 1995), However, the cytochrome P450 
2Bl-associated activity was not inducible in this study. Simi¬ 
larly, c.hronic inhalation of SS in .4/'J mice at a concentration of 
4 TPM/liter resulted in an induction of cytochrome P450 
I.AI in pulmonary endotheiiai ceils with no effect on isoen¬ 
zymes 2BI. 2EI, and 2F2 i Pinkerton er aL 1996). Thus, 
immunohistochemical and metabolic data fit together since 
cytochrome l.Al is considered to play a major roie in the O 
metabolic activation of B(ajP ^Dogra et a!.. 1990: Voigt e; uL ^ 

1993). ” <3> 

cn 
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FIG. A—Conitnued 


The induction factors repotted by Gairola fI937) and Pas- 
quini .r al. (1987) were similar irrespective of the route of 
administration., i.e.. SS inhalation or intraperitoneal SS con¬ 
densate injection, respectively. In addition, no adaptive or 
progressive changes were seen for the induction of the puimo- 
nary cytochrome PioO-dependent metabolic activities with 
prolonged SS inhalation (Gebremichael et aL 1995; Pinkerton 
et al., 199fi). Thus, the induction of the pulmonary B(n)P 
metabolism is considered a stable biomarker for the pulmonary 
concentranon of inducers following both short-term and pro¬ 


longed SS e.xposure at reiaciveiy low e.xperimental SS concen- 
cradons. 

For the nasal epitheiia. the results of the present study show 
a higher baseline activir/ for Bin)? metabolism in the NOE 
than in the .N"R£, This is in agreement with the site-specific 
distribution of the B(a)P metabolism described by Bond and 
Dahl (1989). Following FSS or RASS inhalation, there was a 
distinct but slight induction of the 8fa)P metabolism in the 
NRE, while no effect was seen in the .\'OE. Since this distri¬ 
bution of SS-telated changes parallels those observed his- 
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TABLE 4 

BfflIP Metabolism in the Nasal Respiratory Epithelium 


.Metabolite 

Shorn 


FSS 



EtASS 


Low 

Medium 

High 

Low 

Medium 

High 

9-OH-Bfa)P-i 

16= 1 

24= 2 

24= 1 

35= 2 

22 • I 

22= 1 

23' 2 



1.3* 

'..3* 

2.L* 

1.4* 

1.3* 

1.4* 

T,3-Diol-Bf<l'P+ 

37= 1 

54:: 4 

60= 3 

91 = 5 

50= 3 

43 = 2 

53 = 5 



1.3* 

1.6* 

2J* 

1.3* 

i.3* 

1.4* 

9.iO-Diol-B(.:lPt 

22= t 

38= 2 

31= 3 

79= 5 

33 = 2 


40= 5 



I.7* 


3.3* 

1.3* 

IB* 

t.8* 

3.0H-B(a)P 

602 = 37 

726 = 60 

3Tl =31 

630 = 22 

686 = 35 

f*» 

fl 

613 = 35 



1.2 

1.0 

l.I 

1.1 

1.1 

1.0 

+,J-Diol-Bfe:P 

343 = 24 

398 = 26 

313 = 19 

350 = 21 

380 = 29 

339 = 37 

323 = 19 



1.2 

0,9 

1.0 

1.1 

i.O* 

1.0 


Sou. Metanoiio iciividu (nmal/fg protein J< h)) ire given u mean = SE and factor of Induction reiative to tlie sbun-excosed control group. 
’ Indicates statistically signinctmt difference ta sham-e.xposed control group, 
t Indicoies statisiiciUy significant differences between the two SS types. 


copathoiogicaily, it might be speculated that the changes in 
B(ci)P metabolism reflect the changed distribution of cell types 
following SS inhalation, or that there is cell-specific induction. 
Model cytochrome P450 inducers, such as phenobarbital. 
3-mechylcholanthrene, and Bfa)P itself, which most probably 
do not affect the morphology of the nasal epithelia. failed to 
induce the nasal B(a)P metabolism (Bond. 1936; Voigt er al., 
1993). Only the adrninistradoti of the most potent inducers. 
2,3.7,3-tetrachIorodibenzo-p-dio.'tin (Bond, 1986) and Aroclor 
1254 (Voigt er ai, 1993), resuited in an induction of the B(a)P 
metabolism in the nasal epithelia. The Aroclor 1254-mediaced 
induction of the B(a)P metabolism was more pronounced in the 
NRE than in the NOE and did not coincide with the disuibuuon 
of the cytochrome P450 l.Al induction, suggesting the involve¬ 
ment of multiple enzymes in the nasal metabolism of Bfa)P. 


Based on the CO concentrations, the induedon of die B{a)P 
membolism was more pronounced following inhaladoti of F.SS 
compared to RASS. Based on the TPM concentrations, there 
was no difference in response. Tais could be e.tpectcd since the 
components of cigarette smoke that induce the Bfa)P metabo¬ 
lism, e.g., polycyclic aromadc hydrocarbons, are found mainiy 
in the paniculate matter fraction of die smoke (Pasquini ef al., 
1987), and there seems to be no qualicadve change in the SS 
particulate material by room-aging with regard to cytochrome 
P450 induction. Filtered SS did not induce cytochrome P450 
lAl-associated metabolic icdvities in rat lungs (Gebremichael 
era/., 1995). 

The dose-dependent induedon of die respiratory tract B(a)P 
metabolism may be useful as a biomarfcer of exposure to 
inducing agents, particularly at mlatively low doses, although 


TABLE 5 

B(a)P Metabolism in the Lungs 






FSS 



RASS 


Mtfabolicf 

Sham 


Low 

Medium 

High 

Low 

•Medium 

High 

9-OH.B(a)Pt 

13 = 

X 

143 = 30 

10.6* 

177= 14 
13.2* 

23S = 22 
17.5* 

55 = 3 

4.1* 

71 = 13 

5.3* 

135= 15 
10.1* 

7.3-Dioi-atfl)Pv 

22 = 

4 

258 = 35 
11.6* 

339 = 21 
15.2* 

476 = 46 
21.4’ 

107 = 14 

4.S* 

■441 - Z4 

5.3* 

316 = 28 
14.2* 

9,ia-Diol-B(a.P‘ 

15 = 

a 

179 r 42 
ll.9« 

246 = 18 
16.3* 

362 = 39 
24.0* 

75= 11 

4.9* 

105= :i 

7.D* 

256 = 25 
16.9* 

3-OK-Bfnj?r 

109 = 

13 

379 = 57 

3.3* 

436= 23 

4,0*' 

576 = 53 

5.3* 

214 = !8 

2.0* 

237 = 39 

442= 40 
4.1* 

4.5-diol-Bffl)P 

1126 = 311 

303 = 126 

0.7 

1089 = 134 

1.0 

1417 = 193 

1.3 

I ICO = 257 

1.0 

935 = 283 

0.S 

1381 = 243 
1.2 


Sou. Metabolic activities Itimol/fg protein x hi/ are jiven os mean - SE and factor of induction teianve :a the sham-exposed control ^roup. 
’ Indicates satisttcally sijnmcant difference to sham-exposed control group, 

T Indicates staiisucally significant differences between tihe two SS types. 


Source: https://www.industrydocuments.ucsf.edu/docs/hfpkOOOO 
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independenc from the route of exposure. Conclusions ss to its 
toxicological relevance are limited by the experimental model 
used and the complexity of the toxification pathway leading to 
the ultimate animal carcinogen. For example, the microsomal 
fraction used in this study to assess the B(a)P metabolism does 
not account for most phase H detoxification pathways which 
might be induced in parallel to cytochrome P450. A better 
approach to assess the relevance of the described induction 
would be obtained by determining DNA adducts in target 
organs, although their specific determination would require 
higher B(<j)P doses than those taken up by the rats in this study. 

The lowest TPM concentration effective in inducing the 
pulmonary B(a)P metabolism, i.e., 0.6 p.g/liter. is consistent 
with the lowest reponed concentration effective in inducing the 
cytochrome P450 lAl, i.e.. 1 TPM/Iiter (Ji ei aL 1994: 
Gebremichael erai, 1995). 

No differences between sham- and SS-exposed groups were 
seen at the end of the postinhaiation period. The lack of a 
persistent induction after cessation of SS exposure strongly 
suggests an effective clearance of the lungs from materials 
inducing the BCa)P metabolism. 

In the present study, the amount and/or surface area of 
materials present in the SS-aging room were exaggerated com¬ 
pared to those typically found in residences or office environ¬ 
ments in order to investigate in principle the effects associated 
with room-aging. Correspondingly, the mean age of ETS in 
human indoor environments other than residences, e.a., offices 
or public buildings, is probably shorter than the mean age used 
to generate RASS in the present smdy (Seppanen, 1995). 
However, the results of this study show that room-aging in 
general reduces the biological activity of FSS. This may impact 
the risk evaluation based on experimental studies using more or 
less fresh SS. In this context. R.-\SS is considered a more 
realistic ixpcrimenial surrogate for ETS than FSS. 
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